Background: Coxiella burnetii is an important intracellular pathogen that ruminants can act as primary reservoirs. Reservoirs may excrete the bacterium into the placenta, vaginal mucus and feces. Objectives: The aim of this study was to detect C. burnetii in aborted samples from ruminant flocks in Mashhad city, northeast of Iran, using the polymerase chain reaction (PCR) assay. Materials and Methods: A total number of 154 fetal tissue samples of cattle, sheep and goat were subjected to nested PCR assay. Results: Sixteen (17.3%) out of 92 samples from sheep and 15 (25%) from 60 cattle fetuses were positive.
Background
Coxiella burnetii is an important intracellular pathogen that has been implicated in cases of Q fever, a zoonotic worldwide disease with acute and chronic stages. Ruminants (cattle, sheep and goats) can act as primary reservoirs of C. burnetii and a variety of species like humans, small rodents, dogs, cats, birds, fish, reptiles and arthropods may be infected (1, 2) .
There is a list of symptoms commonly seen with acute Q fever in human that the combination of them varies from person to person; high fevers (up to 40°C -40.5°C), severe headache, general malaise, myalgia, chills and/or sweats, nonproductive cough, nausea, vomiting, diarrhea, abdominal and chest pain are the most important signs. The most common clinical signs in animals are pneumonia, abortion, still birth and delivery of weak offspring (3) that can lead to economic losses.
Reservoirs may excrete the bacterium into the placenta, vaginal mucus and feces (4) . C. burnetii have a stable smallcell variant (SCV) form (5) that is extremely sustainable and virulent (6); C. burnetii may survive in environmental conditions and foods (fresh meat, dry milk powder etc.) for several months (7, 8) . Veterinary personnel, farmers (also their employees and families), stockyard workers, shearers, animal transporters, laboratory and abattoirs workers are occupations that are at risk of infection (9) . Diagnosis of the pathogen is usually based on serological methods such as complement fixation (CF) test which is prescribed by office international des epizooties (OIE) as a diagnostic method for C. burnetii and also enzyme-linked immunosorbent assay (ELISA). In aborted ruminants detection of C. burnetii has been done using staining techniques, such as Stamp, Gimenez, and Machiavelli, followed by a serological analysis (10) . Staining techniques cannot be specific and the CF test has low sensitivity (11) . Antibodies of C. burnetii in sheep and goats cannot be detected frequently by specific antigen (10) . Polymerase chain reaction (PCR) is increasingly used as a sensitive and specific method (12, 13) for detection of the bacteria in samples using primers based on a transposonlike repetitive region (14) .
Various infectious and noninfectious reasons are reported in relation to incidence of ovine abortion (15, 16) . Masala et al. (2004) reported the presence of the C. burnetii in 10% of analyzed fetuses in Italy by PCR (17) . In Iran, there are very limited studies on presence of C. burnetii in flocks with abortion (18).
Materials and Methods

Sample Preparation and DNA Extraction
Α total of 154 fetal tissue samples (92 ovine, 2 caprine and 60 bovine) were obtained from center of excellence in ruminant abortion and neonatal mortality, school of veterinary medicine, Ferdowsi university of Mashhad.
For avoiding cross contamination during sampling, farmers referred the complete aborted fetuses to the center immediately, and then samples were taken from deep tissues and an internal organ (liver) under sterile conditions. DNA was manually extracted from the tissues using phenol-chloroform method; briefly, 10 -20 mg fetal tissue was dissected from each sample using a razor blade/scalpel. Minced tissues were digested in 600 μL cell lysis buffer (50 mM Tris-HCI, 1 mM ethylene diamine tetraacetic acid (EDTA) 0.1% (w/v) tween 20) and 10 μL proteinase K and the solution was incubated at 37°C overnight. Then an equal volume of phenol chloroform isoamyl alcohol (PCI; 25:24:1 ratio) was added to each digested tissue and the suspension was mixed gently for 5 minutes by rocking platform and was centrifuged for 10 minute at 10000 rpm at room temperature. Then top (aqueous) phase containing the DNA was transferred to a new tube and was mixed with equal volume of chloroform-isoamyl alcohol (24:1).
After gently shaking for 2 minutes and centrifuging for 1 minute at 10,000 rpm, 2.5μL ice-cold pure ethanol was added and the solution was placed at −70°C. After 1 hour, the tubes were centrifuged for 20 minutes at maximum speed in a fixed-angle microcentrifuge. Supernatant was removed and 1 mL of room-temperature ethanol 70% was added to pellets. Then, the tubes were left at room temperature to achieve dry pellets. Finally, pellets were resuspended in 100 μL sterile distilled water and stored at −20°C until use as DNA template.
Polymerase Chain Reaction Assay
For detection of IS1111 gene, nested PCR assay was conducted using the specific primers as previously described (Table  1) (19, 20) . These primers were designed based on a repetitive, transposon-like element with the high specificity and sensitivity for the molecular diagnosis of C. burnetii (21) . Nested PCR was performed by two amplifications. At the first one, PCR was done in a total volume of 25 μL containing 5 μL DNA template, 2 U Taq DNA polymerase (Bioneer, Korea), 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 3 mM MgCl2, 1 mM deoxynucleoside triphosphate mix 10 mM of each primer and water up to volume of reaction. The thermal cycles for first PCR contains: an initial denaturation of DNA at 95°C for 3 minutes, followed by five cycles at 94°C for 30 seconds, 66 to 61°C (the temperature was decreased by 1°C between consecutive steps) for 1 minute, and 72°C for 1 minute. These cycles were followed by 35 cycles consisting of 94°C for 30 seconds, 61°C for 30 seconds, and 72°C for 1 minute and then a final extension step of 10 minutes at 72°C. Second PCR was performed with 261 F and 463 R primers and the cycling conditions included an initial denaturation of DNA at 95 °C for 3 minutes followed by 35 cycles consisting of 94°C for 30 seconds, 50°C for 45 seconds, and 72°C for 1 minute and then a final extension step of 10 minutes at 72°C.
Positive (The DNA from the C. burnetii Nine Mile II, strain RSA 493) and negative controls (ultra-pure sterile water) were used in all amplifications. Amplicons were visualized on agarose gel (1.5%) electrophoresed at 90 V for 30 minutes and stained with ethidium bromide at the final concentration of 0.5mg. mL-1. Also, photos were documented in Gel Doc 1000 (Vilber Lourmat, France).
Statistical Analysis
Data were analyzed using descriptive statistics for binary data and 95% confidence interval (CI). A chi-square test was used to compare the prevalence of the presence of infection in different species. Stata 11.2 was used to analyze the data.
Results
A total number of 154 fetal tissue samples of cattle, sheep and goat were subjected to nested PCR assay for detection of IS1111 gene (Figure 1 ).
In total, 31 (20.1; 95% CI: 14.1 -27.
3) samples harbored the tested gene; 16 (17.3%; 95% CI: 10.3 -26.7) samples out of 92 from sheep contained the tested gene. Also, 15 (25%; 95% CI: 14.7 -37.9) PCR-positive templates from 60 cattle fetuses were detected too. Any samples from goat were not positive in this study. There was no significant difference on the prevalence of infection in sheep and cattle samples (P = 0.25) In this study, in the most of samples, abortion occurred in late pregnancy. Also, abortions in sheep mostly have been occurred in December and January. However, most of abortions in cattle were in June and July.
Discussion
The results of this study indicated the presence of C. burnetii in abortion fetal samples from sheep, goat and cattle flocks in Mashhad city, Iran. In the present study, the prevalence of C. burnetii was higher in cattle (25%) than in sheep (17.3%) and no positive sample found in goat. The prevalence rates of the pathogen in sheep, cattle and goat in similar study in Turkey were 11.11%, 3.92% and 40%, respectively (22) . Coxiella burnetii was also found in 7.3% of cattle and 11.1% of goat herds of England and Wales but C. burnetii was not detected in any of the sheep herds (23) . In another study done in northern Cyprus, 35% of bovine, 33% of sheep and 50% of goat abortion cases were positive for C. burnetii (24) . Although abortions in goats due to coxiellosis occur more than in sheep (25) , in this study there was no positive sample in goats and this can be due to the number of goat samples that was low and could not be properly assessed.
The observed variations in the results of our study and other researches may be associated to management practice, climatic conditions, sampling techniques and detection method. Staining techniques and serological methods like CFT test and ELISA has been reported as routine diagnostic assays (10) . Findings indicate that PCR can be a great and useful diagnostic tool for detection of C. burnetii in abortion materials (26) (27) (28) (29) .
Many studies have demonstrated the role of C. burnetti in abortion in sheep, goat and cattle flocks (30) . Examined samples in this study have already been checked for the presence of several microbial pathogens which can cause abortion or fertility reduction in ruminants; which samples were negative for Chlamydia, Toxoplasma and bovine viral diarrhea virus. Thus C. burnetii probably can be one of the causes of abortion in these samples.
Epidemiological researches have reported that abortion waves on dairy goat flocks could be a source for human infection especially people living near to the flocks (31) . Humans are infected through inhalation of aerosols generated from contaminated placentas and body fluids (3) .
Studies showed that after an abortion in ruminants, there is an important risk of direct or indirect exposure within and between herds and to the human population (32, 33) . Furthermore, a study showed that the bacteria were shed by some goats for almost 4 months after an outbreak and two successive parturitions (34) . Epidemiological studies suggest that goats and dairy cows represent the most important source for human because infection in these animals often is chronic (35) . Among the most important management schemes to control the transmission of C. burnetii in infected herds, It can be useful to provide a special location for the parturition that should be regularly disinfected and remove placenta and aborted fetuses immediately to avoid ingestion by carnivores. (3) . Also, destruction of every high risk material, including contaminated bedding with incineration or burial with lime is recommended (36) . Manure should be treated with lime or calcium cyanide as soon as possible. The quantities of C. burnetii shedding during parturition and abortions can be minimized by preventive antibiotic treatments such as tetracyclines (37) .
In conclusion, this study established the presence of C. burnetii in aborted sheep and cattle in Mashhad city. Findings of the present study showed that sheep and cattle can be the potential reservoirs of C. burnetii in the mentioned area. Also, abortion materials are one of the most important transmission ways to the environment. Future researches needs to be performed on larger sample sizes from other regions for better understanding the epidemiology of C. burnetii.
